Introduction: We aimed to report the distribution and resistance patterns of eight invasive clinically relevant bacteria surveyed in the Clinical Center of Serbia (CCS) in Belgrade. Methodology: A total of 477 clinical blood stream isolates of Staphylococcus aureus, Streptococcus pneumoniae, Enterococcus faecium, Enterococcus faecalis, Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, and Acinetobacter spp. were collected in the period from January to December 2013. Antimicrobial susceptibility testing was performed using standard methods and interpreted using the Clinical and Laboratory Standards Institute (CLSI) breakpoint criteria. Results: Acinetobacter spp. was the most prevalent bacteria encountered (37%), followed by K. pneumoniae (25.7%). Multidrug resistance was observed in 92.5% of all isolates. Out of 177 strains of Acinetobacter spp., 97.7% were resistant to fluoroquinolones and carbapenems. Resistance to aminoglycosides, fluoroquinolones, and third-generation cephalosporins was 97.1%, 95.4%, and 95.8% among K. pneumoniae and 21.4%, 21.7%, and 31% among E. coli isolates, respectively. In total, 65.1% of K. pneumoniae and 12.1% of E. coli isolates were determined to be extended-spectrum beta-lactamase (ESBL) positive. High-level aminoglycoside resistance of E. faecalis was 71.4%, and glycopeptide resistance of E. faecium was 95%. Out of 66 strains of S. aureus, 63.4% were methicillin resistant. Conclusions: The majority of bloodstream isolates of clinically relevant bacteria in CCS were multidrug resistant. The biggest concerns are carbapenem-resistant Acinetobacter spp., K. pneumoniae, and P. aeruginosa; third-generation cephalosporin-resistant E. coli; vancomycinresistant E. faecium; and methicillin-resistant S. aureus. Stricter measures of infection control and antibiotic use are needed.
Introduction
Antimicrobial resistance (AMR) is a major publichealth issue, since the multidrug-resistant (MDR), extensively drug-resistant (XDR), and even pan-drug resistant microorganisms (PDR) have emerged as an ever-increasing threat for both developed and less developed countries [1] . In the United States, on an annual basis, approximately two million people acquire infection caused by bacteria resistant to one or more antibiotics and at least 25,000 people die as a result of these infections [2] . In Europe, the same number of fatal outcomes occurs annually due to infections caused by selected antibiotic-resistant bacteria, which consequently accounts for EUR 15 billion extra healthcare costs and productivity losses [3] .
One specific issue in everyday clinical practice is the empirical treatment of bacteremia acquired in hospitals and caused by MDR microorganisms, which is common especially in hospitals where PDR strains have already been found. In such cases, initiation of adequate antimicrobial therapy based on the most likely causative agent and its presumable susceptibility pattern in a particular medical setting is an essential step in treatment of bacteremia, and it is associated with better outcome and lower mortality [4, 5] .
Several bacterial species have emerged as particularly important causative agents of bacteremia because the non-susceptibility of their strains to the lastline antibiotics usually suggests a multi-resistant nature of the bacteria. As such, Staphylococcus aureus, Streptococcus pneumoniae, Enterococcus faecalis, Enterococcus faecium, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumanii were recognized as major threats, and, since 1998, have been subject to active surveillance and annual reporting to the European Antimicrobial Resistance Surveillance Network (EARS-Net) in most European countries [6] . Serbia joined the CAESAR (Central Asian and Eastern European Surveillance of Antimicrobial Resistance) network in 2013, whose principal aim is to survey antimicrobial resistance in all countries of the region that are not members of the AMR surveillance network EARS-Net. However, while awaiting results of the national AMR surveillance network, representative data on antimicrobial resistance of major microorganisms causing bacteremia in the main university hospital are needed.
The purpose of this study was to estimate the frequency and distribution of seven invasive bacterial species, and to restate their antimicrobial resistance patterns. We also aimed to estimate the frequency of MDR clinical isolates among specified microorganisms.
Methodology

Study design
A laboratory-based surveillance study was conducted in the entire Clinical Center of Serbia (CCS) in the period from January to December 2013. The CCS is the largest tertiary healthcare institution in Serbia, comprising 28 departments. It serves the population of Central Serbia and performs nearly six million laboratory services annually. Three microbiological laboratory sections of CCS (emergency center, clinic for infectious and tropical diseases, and polyclinic) were prospectively collecting susceptibility data of invasive clinical isolates of Staphylococcus aureus (S. aureus), Enterococcus faecalis (E. faecalis), Enterococcus faecium (E. faecium), Streptococcus pneumoniae (S. pneumoniae), Escherichia coli (E. coli), Klebsiella pneumoniae (K. pneumoniae), Pseudomonas aeruginosa (P. aeruginosa), and Acinetobacter spp. obtained from blood cultures of adult patients hospitalized in different departments of the CCS. Only the first positive culture per patient was analyzed (primary isolate). Isolates were usually obtained in set of two aerobic and two anaerobic bottles and the first invasive isolate per culture was reported.
Data collection
Affiliated laboratories of the CCS were prospectively collecting microbiological data and forwarding them, along with patients' demographic information (standardized isolate record form). Collected data were gathered and checked for consistency with the agreed protocol. Data on patients' characteristics were age, sex, and the department in which they were staying at the onset of bacteremia (surgery, intensive care unit [ICU], internal medicine, or other). Microbiological data comprised antimicrobial susceptibility test results of specified invasive clinical isolates.
Microbiological assessment
In all laboratories, isolation and identification of bacterial strains were done following standard microbiological procedures. Antimicrobial susceptibility was estimated using the Kirby-Bauer disk diffusion method and a Vitek2 automated system (bioMérieux, Marcy-I'Etoile, France). The spectrum of antimicrobial drugs reported is in accordance with EARS-Net [6] . Zone diameter was measured and interpreted according to the Clinical and Laboratory Standards Institute (CLSI) guidelines [7] . Strains that showed intermediate susceptibility and resistance to the specific antibiotic were considered resistant. Strains were denoted as MDR if they showed nonsusceptibility to at least one agent in three or more classes of antimicrobial drugs [8] . Methicillin resistance of S. aureus was determined using the KirbyBauer disk diffusion method with a 30 μg cefoxitin disk (Becton Dickinson, Sparks, USA). A zone size of ≥ 22 mm was considered sensitive and ≤ 21 mm was considered resistant. Suspected extended-spectrum beta lactamase (ESBL)-producing organisms within E. coli and K. pneumoniae isolates were confirmed using the double-disk synergy test described by Jarlier et al. or by an ESBL combination disks test (Becton Dickinson, Sparks, USA) [9] . Minimum inhibitory concentrations (MICs) were determined and results were interpreted according to CLSI clinical breakpoints.
Numbers and percentages were used to express the distribution of different bacterial isolates and their susceptibility patterns using SPSS software for Windows, version 20.0 (IBM, Armonk, USA).
Results
Over a one-year period, 477 primary blood cultures were obtained from the same number of adult patients hospitalized in clinics of the CCS in Belgrade. Of these, 300 (62.89%) cultures were isolated from men and 165 (34.59%) from women. In total, 278 (58.28%) were under 65 years of age, while 161 patients (33.75%) were 65 or older. The majority of patients were hospitalized in the surgery unit (46.49%) and ICU (35.37%), while 13.83% and 2.27% of them were inpatients of the internal medicine unit and other departments, respectively. Table 1 shows the distribution of major bacteria isolated in CCS during the study period and the percentage of their MDR strains. Among selected bacterial species, Acinetobacter spp. was the most prevalent bacteria encountered (37.1%), followed by K. pneumoniae (25.7%), S. aureus (13.2%), Enterococci (11.5%), E. coli (6.5%), P. aeruginosa (5.2%), and S. pneumoniae (0.8%). In total, 92.5% of all blood isolates grew cultures resistant to three or more antimicrobial classes. The lowest percentages of MDR strains were in S. pneumoniae (33.3%) and E. coli (45.2%), while the highest MDR percentage was observed in E. faecium (100%).
The results of antimicrobial susceptibility testing of the selected invasive Gram-negative and Gram-positive bacteria listed alphabetically are shown in Tables 2 and  3 . Out of 177 strains of Acinetobacter spp., 97.7% of isolates were resistant to fluoroquinolones (ciprofloxacin), as well as to carbapenems (imipenem and meropenem). Resistance to aminoglycoside antibiotics ranged from 73.4% to amikacin to 90.2% to tobramycin. Similarly, the great majority of P. aeruginosa isolates showed resistance to aminoglycosides (95.5% to gentamicin), carbapenems (80.0% to imipenem and 76.0% to meropenem), and fluoroquinolones (82.6% to ciprofloxacin). Slightly more than half the isolates (56.0%) were resistant to piperacillin-tazobactam.
Resistance to fourthgeneration cephalosporins was 66.7% to cefepime and 72.0% to ceftazidime. However, there was no E. coli was the least resistant to carbapenems (3.2% to meropenem and 6.5% to imipenem) and the most resistant to aminopenicillins (78.6% to ampicillin). Antimicrobial resistance to fluoroquinolones and aminoglycosides was similar (21.7% to ciprofloxacin and 21.4% to amikacin). One-third of E. coli isolates (31.0%) were resistant to the third-generation cephalosporin ceftriaxone. Four of the E. coli isolates (12.1%) were ascertained to be ESBL positive.
Resistance to high-level aminoglycosides (gentamicin and amikacin) was observed in 10 (71.4%) out of 14 of E. faecalis isolates, while 28.6% of strains were resistant to glycopeptides (vancomycin and teicoplanin). On the contrary, almost all isolates of E. faecium (95%) were resistant to glycopeptides and all other antibiotics they was tested against. All strains of both E. faecalis and E. faecium were susceptible to linezolid.
Out of 66 strains of S. aureus, 42 (63.6%) were methicillin-resistant (MRSA) while no vancomycinresistant S. aureus (VRSA) was encountered. Nonsusceptibility of MRSA isolates to other antibiotics ranged from 16.0% to trimethoprim-sulfamethoxazole and 100% to gentamicin. However, all MRSA isolates were susceptible to vancomycin and linezolid.
Out of three S. pneumoniae isolates obtained from the blood cultures during 2013, one isolate showed nonsusceptibility to tetracycline, erythromycin, and clindamycin. Although classified as MDR, this isolate was susceptible to antimicrobial agents within other classes of antibiotics, namely to penicillins, thirdgeneration cephalosporins, carbapenems, glycopeptides, fluoroquinolones, and ansamycins. One strain of S. pneumoniae was resistant to penicillin and the third one appeared to be susceptible to all the antibiotics it was tested against. 
Discussion
A growing number of bacteremia is caused by highly resistant bacteria. Representative surveillance data on the resistance profiles of its major causative agents is of great importance to keep clinicians versed with the most adequate treatment and public-health officials with the extent of the AMR issue.
In our surveillance study conducted over a period of one year, Acinetobacter spp. and K. pneumoniae were the most common pathogens isolated from blood, accounting for more than half of all tested blood isolates, while S. aureus, E. faecalis, E. faecium, E. coli, P. aeruginosa, and S. pneumoniae together accounted for the other half. Other hospitals worldwide are facing increasing trends of Gram-negative bacteremia, which poses a great concern considering their persisting nature in the medical setting and diminished susceptibility to available antibiotics [10, 11] .
One of the major findings of this surveillance was the alarmingly high percentage of K. pneumoniae and other Gram-negative rods, Acinetobacter spp., and P. aeruginosa resistant to last-line antimicrobials (carbapenems) along with high resistance to three key groups of antibiotics (fluoroquinolones, thirdgeneration cephalosporins, and aminoglycosides). In addition, more than two-thirds of all K. pneumoniae isolates were carbapenem resistant in our investigation. The most recent European Centre for Disease Prevention and Control (ECDC) data showed an increasing trend of carbapenem resistance of this rod in European countries, and 5 out of 24 countries reported a significantly increasing trend [6] . According to the last World health Organization report [12] , resistance of K. pneumoniae invasive isolates causing bloodstream infections and meningitis to carbapenems varied from 0%-68% in the European region, 0%-54% in the Eastern Mediterranean region, and 0%-52% in the Southeast Asian region. The resistance to carbapenems is of particular concern because this group of antimicrobial agents is one of the rare antibiotics effective against infections caused by K. pneumoniae.
We found more than 70% of Acinetobacter spp. isolates resistant to each antibiotic and more than 90% resistant to aminoglycosides, fluoroquinolones, and carbapenems. This, to a great extent, fits the North to South/East gradient encountered in the EU region according to the latest EARS-Net AMR report, since Finland and Norway had zero, and Croatia, Romania, and Greece had more than 90% of Acinetobacter spp. isolates resistant to these antibiotics [6] . In the last three countries, combined resistance to aminoglycosides, fluoroquinolones, and carbapenems ranged from 74% to 86%, which is similar to the 81.4% that we observed. Similar rates of strains resistant to both key antibiotics and multiple antimicrobial classes were observed among the other major bacteria under surveillance. However, much higher resistance rates of P. aeruginosa and K. pneumoniae were noted in the CCS compared to the uppermost values in northern European countries, Romania, and Greece. The opposite was observed only for the resistance to fluoroquinolones within E. coli, which was much lower in CCS than in Cyprus (21.0% versus 51.9%), but similar to Croatia (20.2%), Czech Republic (20.8%), and the overall European population mean (22.5%).
E. coli is the most frequent cause of bloodstream infections in Europe and in the past few years evinced the largest annual increase, mostly due to expansion of MDR E. coli bacteremia [13] . In our study, one-third of E. coli isolates were resistant to third-generation cephalosporins and 21% were resistant to amikacin, which is slightly lower than the uppermost value in Europe reported by Bulgaria (39.6% and 32.1%, respectively) [6] . Although not common, resistance to carbapenems were also higher in the CCS (3.2%) compared to nearby European member states Bulgaria (2.8%) and Greece (1.4%). Promising data were obtained regarding fluoroquinolone resistance of E. coli in our hospital (21.7%), which was similar to the values reported by Austria (22%) and Germany (22.1%), but lower than the rate reported in 2007 from another clinical center in the northern part of Serbia (28.6%) [14] . This could be the reaction to extensive ciprofloxacin use in the period from 2003 to 2007 in Serbia and the favoring of third-generation cephalosporins over fluoroquinolones in the following years in the treatment of hospital-acquired E. coli bloodstream infections [15] .
Several factors could have possibly contributed to such a high incidence of MDR Gram-negative bacteria found in this surveillance. Prolonged ICU or hospital stay, increased disease severity, frequent interventions, and admission of broad-spectrum antibiotics (especially third-generation cephalosporins, fluoroquinolones, and carbapenems) are well-known risk factors for acquiring MDR Gram-negative infections [16, 17] . Although most of our patients were inpatients of surgery (46.5%) and ICU (35.4%) medical wards and were likely critically ill and exposed to several of these factors, consistent data on comorbidities, length of stay, and previous administration of antibiotics could not have been collected by the means of laboratory-based surveillance. Alternatively, usage of CLSI beyond 2009 or EUCAST guidelines in susceptibility testing can result in higher rates of MDR Gram-negative strains due to higher clinical breakpoints (CBPs) for certain antibiotics compared to guidelines prior to CLSI 2010. Hombach et al. showed that 21% of E. coli, 22% of K. pneumoniae, and 12% of P. aeruginosa were classified as MDR due to CBP changes from CLSI 2009 to EUCAST [18] . This was mainly attributed to increased CBPs for cephalosporins and fluoroquinolones. Liu et al. observed a 10.5% increase in Enterobacteriaceae resistance rates to cefotaxime due to the CLSI CBP change from 2009 to 2010 guidelines, as well as 6.6% and 13.2% increase in resistance rates of K. pneumoniae, respectively [19] . However, the most likely causes of high MDR Gram-negative rates in this study are the overconsumption of antibiotics and the lack of both general and bacteria-specific healthcare strategies for prevention and control of hospitalacquired infections. Serbia is among the southern and eastern European countries with the highest rates of total antimicrobial consumption, and is second in utilization of first-generation cephalosporins, macrolides, and tetracyclines [20] . While an increase in invasive procedures and aggressive treatment in ICUs have led to the increased rates of Gram-negative bacteremia, an overuse of antibiotics in treatment of such bacteremia consequently increased resistance through the selective pressure of broad-spectrum antibiotics and selection of multi-resistant clones.
Other important findings of this surveillance were high rates of MRSA and vancomycin-resistant E. faecium (VRE). In our study, 63.6% of MRSA strains were encountered, similar to the uppermost percentage in Europe reported from Romania (64.5%) to the EARS-Net [6] . A recent study on MRSA nasal carriage in CCS showed that 7.7% of patients and 5.7% of healthcare workers (HCWs) were carriers of MRSA [21] . Moreover, 76.2% of all MRSA isolates carried SCCmec I or III and agr I or II genetic elements and were mainly recovered from patients and indistinguishable from those obtained from HCWs, indicating oligoclonal dissemination and HCW-patient exchange of hospital-acquired-MRSA strains. Implementation of adequate strategies to reduce transmission of MRSA strains in hospital settings is required, as it has been proven by countries which significantly reduced rates of HA-MRSA, including the United Kingdom [22] , the Netherlands [23] , and France [24] .
With respect to glycopeptide susceptibility of E. faecium, we noted that 95.1% of strains were resistant to vancomycin and teicoplanin, which is six times higher than reported in 2007 (13%) [14] . Furthermore, in the period from 1997 to 2002 in Serbia, all Enterococcus strains were susceptible to vancomycin [25] . This is highly alarming given the fact that VRE in our study was susceptible only to linezolid, which, to a great extent, increases the difficulty and the cost of the treatment [26] . In contrast, countries of our region, Croatia, Slovenia, and Greece reported decreasing trends of VRE [6] .
There were optimistic results only regarding S. pneumoniae since dual resistance to penicillin and macrolides were not found; one strain showed single penicillin-resistance and all strains were sensitive to ceftriaxone, rifampicin and chloramphenicol. This is lower than previously reported in Serbian hospitals and suggestive of penicillins remaining useful in treatment of streptococcal bacteremia [27, 28] .
Conclusions
To the best of our knowledge, this is the first study to survey antimicrobial resistance of seven major pathogens within the entire Clinical Center of Serbia. Worrisome results indicate a high level of resistance of Acinetobacter spp., K. pneumoniae, and P. aeruginosa to the key antibiotics (fluoroquinolones, thirdgeneration cephalosporins, and aminoglycosides) and the last-line antibiotics (carbapenems). Data from this survey also demonstrated high percentages of MRSA and VRE in CCS resistant to other antibiotics as well as a high overall percentage of MDR strains. All these findings stress the necessity for urgent implementation of united measures for antibiotic consumption restriction and general and pathogen-specific measures for transmission interruption of resistant clones.
